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(57) ABSTRACT

The present invention provides a method of recovering a
(meth)acrylic acid ester, which comprises the steps of: (a)
carrying out an esterification reaction between an alcohol and
(meth)acrylic acid in the presence of a catalyst to obtain a
(meth)acrylic acid ester, wherein a byproduct 1s generated
together with the (meth)acrylic acid ester; and (b) subjecting
the byproduct generated 1n step (a) to a reaction with a cata-
lyst and water 1n a reactor, wherein the water 1s fed into the
reactor in order that water content exceeds 0 wt % but1s 10 wt
% or less 1n the reactor based on the total weight of reactants
comprising the byproduct, the catalyst and the water, and
thereby separating the (meth)acrylic acid, the alcohol and the
(meth)acrylic acid ester contained in the byproduct from the
byproduct to obtain the (meth)acrylic acid, the alcohol and
the (meth)acrylic acid ester as a recovered product.

20 Claims, 2 Drawing Sheets
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METHOD OF RECOVERING (METH)
ACRYLIC ACID ESTER

TECHNICAL FIELD

The present invention relates to a method of recovering a
(meth)acrylic acid ester wherein (meth)acrylic acid, an alco-
hol, and a (meth)acrylic acid ester are recovered from a
byproduct generated in a process for preparing a (meth)
acrylic acid ester. This application claims the benefit of PC'T/
KR2009/006835 filed on Nov. 19, 2009 and priority from
Korean Patent Application No. 10-2008-0115393 filed on
Nov. 19, 2008, both of which are icorporated herein by
reference 1n their entirety.

BACKGROUND OF ART

Acrylic acid esters are prepared by an esterification reac-
tion between acrylic acid and an alcohol. Inorganic acids,
organic acids and solid acids are used as a catalyst for the
esterification reaction. When one uses the inorganic acid cata-
lyst (e.g., sulfuric acid) that 1s difficult to separate, the acid
catalyst component 1n a product stream after the reaction 1s
separated by adding a counter base such as sodium hydroxide
and thus converting it into a salt.

Because such a treatment for separating the acid catalyst
lays a burden on the process and the environment, it 1s pret-
erable to adopt a process employing the organic acid or the
solid acid which 1s easy to separate. In the case of the solid
acid, a reaction entails a tendency of (mechanical, thermal
and chemical) inactivation of the catalyst so that separation or
a supplement of the catalyst 1s necessary and a relatively
exacting process for separating the solids 1s required. The
organic acids have an advantage that the recirculation of the
catalystis comparatively simple as they are easy to separate 1in
the product stream.

In most processes for the esterification for acrylic acid
esters, besides an effective product of the esterification reac-
tion, various heavy byproducts such as the Michael adducts
are generated from side reactions such as the Michael addi-
tion.

For example, in a process for preparing butyl acrylate,
representative byproducts include butyl-b-butoxy propionate
(BPB), b-butoxypropionic acid (BPA) and n-butyl diacrylate
(BDA). Hereinatter, such byproducts are referred to as the
“Michael Adducts.” Although 1t 1s possible to mimimize the
occurrence of the side reactions by optimizing reaction con-
ditions for the esterification, these byproducts are inevitably
generated 1n almost all processes. To deal with such prob-
lems, prior arts proposed effective methods for decomposing
and recovering these byproducts.

For these recovery methods to be successtully applied in
the field, one should consider many aspects such as economic
teasibility regarding the cost for the catalyst, corrosion of
equipment and the disposal of waste steams after the final
treatment.

Japanese Patent No. 1993-025086 suggested a process for
decomposing the Michael adducts by adding an excessive
amount of water with using sulfuric acid as a catalyst. How-
ever, the suggested process has drawbacks that 1t shows a low
conversionrate of about 30% and consumes a lot of energy for
the same reaction due to using an excessive amount of water.

U.S. Pat. No. 5,734,075 (1ssued 1 1998) proposed a pro-
cess ol thermal cracking in the absence of catalyst on the
byproducts from the esterification with the addition of a dis-
tillation residue stream originating from acrylic acid. It says
that adding acrylic dimers or oligomers to the byproducts of
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the esterification process makes 1t possible to ensure the tlu-
1dity of the residue stream and the fouling phenomenon can be
reduced as the process 1s operated in the absence of catalyst.

However, because this technique does not use any catalyst,
the reactivity of the cracking is relatively low as compared
with a process using a catalyst. Therefore, the conversion rate
of about 80% at a considerably high temperature (280° C.) 1s
required in order to obtain a high conversion rate, which
renders the process economically unfavorable.

U.S. Pat. No. 5,910,603 (issued 1n 1999) described a pro-
cess for catalytically decomposing the Michael adducts origi-
nating from the esterification of acrylic acid with using an
organic or morganic acid.

When using an organic acid catalyst, this process exhibits
the conversion rate of about 80% at a temperature between
150° C. and 250° C. but it still needs a high temperature. Also,
the process could not deal with a serious fouling problem in a
residue stream after the cracking reaction and from the view-
point of applying the process, leaching of the catalytic com-
ponent remains unresolved.

In order to solve the fouling problem and the leaching of
solids 1n the prior art, U.S. Pat. No. 6,617,470 (issued 1n 2003 )
adopts an alkylbenzene sulfonic acid with a longer chain than
pISA as an organic acid catalyst for use in the cracking
process. As this process does notuse pTSA, a fluidity of waste
oils can be ensured. Disadvantageously, however, this process
should additionally add and use a long chain alkylbenzene
sulfonic acid that 1s relatively expensive and shows a low
reactivity for a cracking process, or directly use 1t as a catalyst
for the esterification reaction.

DETAILED DESCRIPTION OF THE INVENTION

Technical Objectives

An objective of the present invention 1s to provide a method
of recovering (meth)acrylic acid ester wherein (imeth)acrylic
acid, an alcohol, and a (meth)acrylic acid ester are effectively
recovered from a reaction byproduct generated from a pro-
cess for preparing a (meth)acrylic acid ester, and at the same
time the final waste oi1ls after a decomposition reaction main-
tain their tluidity so as to improve a process efficiency and to
allow a smooth application to the actual process.

Technical Solution

The present invention provides a method of recovering a
(meth)acrylic acid ester, which comprises the steps of: (a)
carrying out an esterification reaction between an alcohol and
(meth)acrylic acid 1n the presence of a catalyst to obtain a
(meth)acrylic acid ester, wherein a byproduct 1s generated
together with the (meth)acrylic acid ester; and (b) subjecting
the byproduct generated 1n step (a) to a reaction with a cata-
lyst and water 1n a reactor, wherein the water 1s fed into the
reactor 1n order that water content exceeds O wt % but 1s 10 wt
% or less 1n the reactor during the reaction based on the total
weight of reactants comprising the byproduct, the catalyst
and the water, and thereby separating the (meth)acrylic acid,
the alcohol and the (meth)acrylic acid ester contained 1n the
byproduct from the byproduct to obtain the (meth)acrylic
acid, the alcohol and the (meth)acrylic acid ester as a recov-
ered product.

Advantageous Ellect of the Invention

According to the present mnvention, the amount of waste
oils from the esterification process for (meth)acrylic acid
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esters decreases and thus a production efficiency for the
(meth) acrylic acid ester increases. Therefore, the process can
lay a lesser burden on the environment and be smoothly
operated 1n the field.

Also, 1t becomes easy for the (meth)acrylic acid, the alco-
hol, and the (meth)acrylic acid ester generated during a elimi-

nation reaction of the byproduct to be instantly eliminated out
of the system and thus a high conversion rate can be achueved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a view 1llustrating a process for recovering butyl
acrylate in accordance with a first embodiment of the present
invention.

FI1G. 2 1s a view 1llustrating a process for recovering butyl
acrylate 1n accordance with a second embodiment of the
present invention.

DESCRIPTION OF REFERENCE NUMERALS
FOR THE MAIN PARTS OF THE DRAWINGS

A: a decomposition reactor

B: a recovery column

C: a condenser

D: a decanter

1: a supply line for a byproduct

: a discharge line for a recovered product
. a process water line

. a discharge line for wastes

= W N

MODE FOR PRACTICING THE INVENTION

The method of recovering a (meth)acrylic acid ester in
accordance with the present invention comprises the steps of:
(a) carrying out an esterification reaction between an alcohol
and (meth)acrylic acid in the presence of a catalyst to obtain
a (meth)acrylic acid ester, wherein a byproduct 1s generated
together with the (meth)acrylic acid ester; and (b) subjecting,
the byproduct generated 1n step (a) to a reaction with a cata-
lyst and water 1n a reactor, wherein the water 1s fed into the
reactor 1n order that water content exceeds 0 wt % but1s 10 wt
% or less 1n the reactor during the reaction based on the total
weight of reactants comprising the byproduct, the catalyst
and the water, and thereby separating the (meth)acrylic acid,
the alcohol and the (meth)acrylic acid ester contained 1n the
byproduct from the byproduct to obtain the (meth)acrylic
acid, the alcohol and the (meth)acrylic acid ester as a recov-
ered product.

The catalyst of step (a) can comprise at least one selected
from the group consisting of one or more 1norganic acid
selected from sulfuric acid, phosphoric acid, and nitric acid;
one or more organic acid selected from methanesulfonic acid
and p-toluene sulfonic acid (pTSA); and one or more solid
acid selected from zeolite and a polymer resin catalyst.

Step (a) can comprises the steps of: (al) proceeding with
the esterification reaction; and (a2) distilling products pro-
duced after the esterification reaction to separate them into
the (meth) acrylic acid ester and the byproduct.

In this step, the esterification reaction proceeds 1n an esteri-
fication reactor and the distillation step 1s carried out 1n a
distillation tower.

Specifically, the byproducts of step (b) can be supplied
through two routes but the embodiments are not limited
thereto.

When the distillation tower, a recovery column and a
decomposition reactor (as an example of the reactor of step
(b)) are connected through a supply line (see FIG. 1), the
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byproduct discharged from the lower side of the distillation
tower (1.e., the byproduct separated 1n step (a2) of the distil-
lation) can be supplied through the recovery column into the
decomposition reactor.

In addition, when the distillation tower and the decompo-
sition reactor 1s connected through the supply line without
passing through the recovery column (see FIG. 2), the reac-
tion byproducts discharged from the bottom of the distillation
tower (1.e., the byproducts separated in step (a2) of the distil-
lation) can be supplied into the decomposition reactor with-
out passing through the recovery column.

The catalyst of step (b) can comprise at least one selected
from the group consisting of one or more inorganic acid
selected from sulfuric acid, phosphoric acid, and nitric acid;
one or more organic acid selected from methanesulfonic acid
and p-toluene sulfonic acid (pTSA); and one or more solid
acid selected from zeolite and a polymer resin catalyst.

In step (b), the amount of the catalyst flowing in the reactor
can be from 1 to 20 wt % based on the total weight of the
reactants in the reactor. The amount of the catalyst flowing in
the reactor can be preferably from 5 to 15 wt %, more pret-
erably from 8 to 12 wt % based on the total weight of the
reactants 1n the reactor.

I1 the byproduct fed into the reactor of step (b) contains the
catalyst that 1s used 1n step (a), no additional catalyst for step
(b) need be supplied since the catalyst for step (a) can act as
the catalyst for step (b).

Also, 1t the byproduct contains no catalyst or such a trace
amount of the catalyst for step (a) that no reaction can occur,
a separate supply line for the catalyst can be provided to
supply an additional catalyst that 1s to be used 1n step (b) 1into
the reactor of step (b).

The water supplied into the reactor in step (b) can be fed
into the reactor 1n such an amount that 1ts content exceeds 0 wt
% but 1s 10 wt % or less based on the total weight of the
reactants (the byproduct+the catalyst+the water). Preferably,
the water content in the reactor 1s maintained to exceed 0 wt
% but to be 10 wt % or less while the water 1s fed into the
reactor. Through this process, one can easily control a reac-
tion temperature and a reaction pressure in the reactor. In
addition, this process can give a higher conversion rate of the
Michael adducts and an increased recovery rate thereof.

Preferably, the water supplied 1nto the reactor 1n step (b) 1s
fed 1n such an amount that 1ts content exceeds O wt % but 1s 8
wt % or less, and more preferably ranges 3.5 to 5 wt %, based
on the total weight of the reactants 1n the reactor.

If the water content 1n the reactor 1s 0 wt %, one cannot
expect a rapid elimination of a product via hydrolysis or
azeotropy and thus a conversion rate at a lower temperature
cannot be raised sharply. If the water content in the reactor
exceeds 10 wt %, the reaction temperature drops so much that
the conversion rate decreases and control over a vaporization
rate of water renders so difficult that a vapor product can
contain an excessive amount of unreacted heavies and thus a
recovery rate can decline.

Not only can the water take part 1n the decomposition
reaction but also 1t can act as an azeotropic agent forming an
azeotrope with the recovered product of step (b) recovered
from the decomposition reaction of step (b) to lower the
boiling point. In other words, the water forms an azeotrope
with the recovered products after reaction to elfectively
remove them out of a reaction system and thereby can play a
role 1n promoting the reaction. For example, the water forms
an azeotrope with butanol or butyl acrylate recovered from
the decomposition reaction to effectively remove 1t out of the
reaction system and thereby can play a role in promoting the
reaction.
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In step (b), a flow rate of the water can be adjusted depend-
ing on the size of the reactor to be used. By way of example,
the water can react for 0.5 to 10 hrs while being fed into the
reactor with a flow rate of 0.3-3 g/min, but the present inven-
tion 1s not limited thereto. If a water supply rate 1s too high, the
product to be recovered that 1s contained in the byproduct
(c.g., BPB) can be taken away out of the reaction system.
Preferably, the lower the supply rate, the less the spill of BPB.

The reactor of step (b) can be operated under the normal
pressure (1,013 mmbar) or a reduced pressure (1-1,013
mmbar) at a reaction temperature of 80-180° C. for a resi-
dence time of 0.5 to 10 hrs. As long as the water content 1s
maintained to exceed 0% but to be 10% or less, the reactor can
be stably operated not 1n the high temperature and high pres-
sure, but 1n the conditions as above. Herein, the term “‘resi-
dence time” refers to an average period of time 1n which the
reactants (1.¢., the byproduct, the water, and the catalyst) stay
in the reactor while they are reacting together.

Most preferably, the reactor of step (b) 1s operated under a
reduced pressure of 1-1,013 mmbar at a temperature of 100-
150° C.

In step (b), the recovered product can be obtained 1n vapor
state and such a recovered product of step (b) can be dis-
charged from the upper side of the reactor and resupplied to
step (a2) of the distillation, 1.e. the distillation tower.

Alternatively, the recovered product of step (b) can be
discharged from the upper side of the reactor and resupplied
through a recovery column to step (a2) of the distillation, (1.e.,
the distillation tower). In addition, the recovered product of
step (b) can be discharged from the upper side of the reactor
and resupplied through the recovery column to step (al) of the
esterification reaction.

When the recovered product of step (b) 1s resupplied
through the recovery column, the recovered product in vapor
state that 1s discharged from the upper side of the reactor of
step (b) and passes through the recovery column can be sub-
ject to (b1) a liquid state conversion step, wherein the recov-
ered product 1n vapor state 1s condensed and undergoes a
phase conversion to the recovered product in liquid state; and
(b2) a water elimination step wherein the water contained 1n
the recovered product from the liquid state conversion step 1s
climinated; and then 1t can be resupplied to step (a2) of the
distillation or to step (al) of the esterification step. Also, the
water eliminated in the water elimination step can be resup-
plied to the reactor of step (b).

The liquid state conversion step can proceed 1n a condenser
and the water elimination step can proceed 1n a decanter.

In this process, the water separated in the decanter where
the water elimination step proceeds 1s discharged from the
lower side of the decanter and resupplied to the reactor of step
(b). The recovered product obtained after the water 1s elimi-
nated in the decanter where the water elimination step pro-
ceeds can be discharged from the upper side of the decanter
and resupplied to step (al ) of the esterification reaction or step
(a2) of the distillation.

Specifically, mn the decanter, the recovered products are
separated 1nto an organic layer and a water layer. The organic
layer 1s the recovered product without water and the water
layer 1s the water that was contained in the recovered product.

The water layer 1s discharged from the lower side of the

decanter and used as water 1n the reactor of step (b). The
recovered product obtained after the water 1s eliminated in the
decanter can be resupplied to step (a2) of the distillation, or
the esterification reactor.

10

15

20

25

35

40

45

50

55

60

65

6

In this process, the decanter can be additionally provided
with a process water line through which the water can be
supplemented as much as the water layer 1in the decanter
decreases due to the reaction.

As described above, the recovered product of step (b) 1s
recovered in vapor state and discharged from the upper side of
the decomposition reactor and wastes generated other than
the recovered product 1n step (b) can be discharged from the
lower side of the reactor. As described above, when water 1s
ted into the reactor, 1t 1s possible to ensure the fluidity of waste
oils remaiming after reaction.

Heremaftter, the present invention will be explained 1n
detail with reference to the attached drawings.

First, specifically explained are the principles with regard
to preparing and recovering acrylic acid esters 1n accordance
with the present invention.

Acrylic acid esters (MA, EA, BA, and EHA) are obtained
from a reaction between acrylic acid and an alcohol 1n the
presence of an acid catalyst. Acrylic acid and an alcohol
mostly react together to give an acrylic acid ester but some
side reactions occur to convert them into the Michael adducts.
The Michael adducts obtained as a byproduct generally have
a higher boiling point than the acrylic acid ester so that they
are obtained 1n the lower flow of the final distillation step.

When an organic acid 1s used as a catalyst for the esterifi-
cation process, a mixture of the Michael adducts and the acid
catalyst 1s obtained 1n the lower flow of the final distillation
step.

As this lower tlow 1s subject to the reaction again in the
presence of an acid catalyst, the Michael adducts are inversely
converted into an alcohol, acrylic acid and an acrylic acid
ester and are recovered as a raw material such as acrylic acid
and an alcohol and as a product of the acrylic acid ester. In this
process, using a small amount of water as a reaction medium
during a decomposition process in the presence of an acid
catalyst can lower a decomposition temperature, assist the
climination of the product out of the system to increase a
conversion rate, and secure a fluidity of the final waste oils to
provide a flexibility for the process. In addition, the amount of
the discharged wastes can be diminished and the process
eificiency can be improved.

Hereinatter, a process for preparing butyl acrylate 1s exem-
plified for the shake of convemence in explanation, but the
present invention 1s not limited thereto.

Representative examples of the Michael adducts generated
in the preparation of butyl acrylate include butyl-b-butoxy
propionate (BPB), b-butoxypropionic acid (BPA) and n-butyl
diacrylate (BDA). A composition of a discharge stream
obtained from the final distillation step can differ from pro-
cess to process but it approximately comprises 0-5% of
butanol, 0-10% of acrylic acid, 0-15% of butyl acrylate,
0-40% of BPB, 0-20% of BDA and 0-35% of BPA.

FIGS. 1 and 2 are views 1llustrating a process for recover-
ing butyl acrylate according to the present invention.

As shown i FIG. 1, after a process for preparing butyl
acrylate 1s completed, a byproduct discharged from the bot-
tom of a distillation tower (not shown) 1s fed into a decom-
position reactor A via a supply line for a byproduct 1 and a
recovery column B. As shown 1n FIG. 2, the byproduct dis-
charged from the bottom of the distillation tower (not shown)
can be directly fed into the decomposition reactor A via other
supply line for the byproduct 1.

A small amount of water fed into the decomposition reactor
A 1s the water discharged from the lower side of a decanter D
and the water 1s supplemented through a process line 3 as
much as the water layer in the decanter D decreases due to
reaction.
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The decomposition reactor A can be operated at a tempera-
ture of 80-180° C., preferably at a temperature of 100-1350° C.
With regard to a reaction pressure, 1n order to facilitate elimi-
nation of the product, the reactor can be operated under a
reduced pressure that can be 1-1,013 mmbar taking into
account the amount of the water as introduced into the decom-
position reactor A. For a type of the reaction, both a batch
reaction and a continuous reaction are available.

A catalyst introduced into the decomposition reactor A can
enter through a separate line, but preferably is the same cata-
lyst used 1n the process for preparing butyl acrylate and con-
tained in the byproduct that 1s fed via the supply line for the
byproduct 1.

As a catalyst, one can use an inorganic acid such as sulfuric
acid, phosphoric acid, nitric acid, and the like; an organic acid
such as methanesulfonic acid, p-toluene sulifonic acid
(pTSA), and the like; and an solid acid such as zeolite and a
polymer resin catalyst, but the types of the catalyst are not
limited thereto.

Butanol, butyl acrylate, and acrylic acid, which are gener-
ated from the decomposition reaction in the decomposition
reactor A, are discharged in vapor state together with water
through the recovery column B, converted into liquid state in
a condenser C, and introduced into the decanter D.

In this process, the recovery column B 1s preferably nec-
essary, but in some cases, the recovered products (i.e.,
butanol, butyl acrylate, and acrylic acid) in vapor state dis-
charged from the decomposition reactor A are introduced
without passing through the recovery column into the esteri-
fication reactor where the esterification for obtaining butyl
acrylate proceeds or the distillation tower where the distilla-
tion process for butyl acrylate proceeds.

In the decanter D, the products are separated into a water
layer and an organic layer (i.e., the recovered product), and
the organic layer (1.e., the recovered product) 1s then resup-
plied via a discharge line for a recovered product 2 to the
esterification reactor (not shown) or the distillation tower.
And, the water layer 1s resupplied to the decomposition reac-
tor A.

After the byproduct stayed and reacted 1n the decomposi-
tion reactor A for a certain period of time, wastes generated
therefrom end up being disposed through a discharge line for
wastes 4. A fluidity of such a flow 1s of great importance in
order for a process to be applied 1n the field and 1t depends on
a degree of decomposition and properties of residues. When
one uses an organic acid catalyst that 1s widely employed in a
esterification process, a large amount of the catalyst 1s con-
centrated and flows 1n the discharge line for wastes 4 so that
the precipitation tends to occur and highly viscous materials
in the form of tar are increasingly discharged more as the
degree of the reaction 1s getting higher.

Unlike the prior arts, the present invention resolves the
foregoing problems by continuously feeding a small amount
of water into the decomposition reactor A and it can be found
that the byproduct shows a satisfactory reactivity for decom-
position even at a relatively low temperature.

In the method of recovering a (meth) acrylic acid ester
according to the present invention, after step (b), a conversion
rate of the byproduct can be 60 to 99%, preferably 70 to 99%,

and more preferably 70 to 95%, as defined by the following
equation:

Conversion Rate=(a total amount of the byproduct as
consumed through reaction/a total amount of the

byproduct as introduced)x100.
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In addition, a selectivity of the recovered product can be 45
to 85%, preferably 50 to 80%, and more preferably 55 to 75%,
as defined by the following equation:

Selectivity=(a total amount of (meth)acrylic acid, an
alcohol, and a (meth) acrylic acid ester as pro-
duced/a total amount of the byproduct as con-
sumed through reaction)x100.

Also, a recovery rate of the recovered product can be 35 to
80%, preferably 45 to 75%, and more preferably 30 to 70%,
as defined by the following equation:

Recovery rate=(a total amount of (meth)acrylic acid,
an alcohol, and a (meth) acrylic acid ester as pro-

duced/a total amount of the byproduct as intro-
duced)x100.

Hereinatter, the present invention will be explained more
specifically with reference to the following examples.

In the examples and the comparative examples, the reac-
tions were carried out 1n a reaction system. 300 g of the final
distillation discharge with a composition of butanol (1%),
acrylic acid (4%), butyl acrylate (2%), BPB (50%), BDA
(30%), BPA (3%), and the miscellancous components (a
polymerization inhibitor and the heavies) (10%) was added
with 30 g of pTSA as a catalyst and the reaction was carried
out at a temperature of 120 to 150° C. under a reduced or
normal pressure. Upon reaction, the water was introduced
and circulated at a constant flow rate 010.3 to 3 g/min by using
a volumetric pump. After the reaction for 3 to 10 hours, an
organic layer of gas condensates and a water layer were
obtained and analyzed to compare the conversion rate, the
selectivity, and the recovery rate of the byproduct, 1.e., the
Michael adducts, as defined by the following equations:

Conversion rate=(a total amount of the Michael
adducts as consumed through reaction/a total

amount of the Michael adducts as introduced)x
100;

Selectivity=[a total amount of butanol, acrylic acid,
and butyl acrylate as produced/a total amount of

the Michael adducts as consumed through reac-
tion]x100;

Recovery rate=[a total amount of butanol, acrylic
acid, and butyl acrylate as produced/a total

amount of the Michael adducts as introduced]x
100;

Selectivity of the organic layer=[a total amount of
butanol, acrylic acid, and butyl acrylate as recov-
ered in the organic layer/a total amount of the

Michael adducts as consumed through reaction|x
100; and

Recovery rate of the organic layer=[a total amount of
butanol, acrylic acid, and butyl acrylate as recov-
ered in the organic layer/a total amount of the
Michael adducts as mntroduced]x100.

Example 1

The reaction was carried out at a temperature of 120° C.
under a pressure ol 400 mmbar for 3 hours with feeding water
into the reactor at a circulation rate of 1.5 g/min. As aresult of
the reaction, 45% o1 300 g of the input feed was recovered in
the organic phase, the BPB composition of which was found
to be 7.6%. The conversion rate, the selectivity, and the recov-
ery rate as defined were calculated as follows: the conversion
rate of the Michael adducts: 83.2%; the selectivity thereof:
60.5%; the recovery rate thereot: 50.3%.




US 8,772,534 B2

9

Under the assumption that only the organic layer obtained
after the reaction would be recovered, the selectivity of the
organic layer and the recovery rate of the organic layer were
calculated to be 51.6% and 43%, respectively.

In this case, a flow discharged from the bottom of the
reactor was a single phase tlow without any precipitation of a

solid pT'SA and the water content was found to be maintained
at 5 wt %.

Example 2

The reaction was carried out at a temperature of 130° C.
under a pressure of 1,013 mmbar for 3 hours with feeding
water 1nto the reactor at a circulation rate of 1.5 g/min. As a
result of the reaction, 52% of 300 g of the mmput feed was
recovered in the organic phase, the BPB composition of
which was found to be 6.4%. The conversion rate, the selec-
tivity, and the recovery rate as defined were calculated as
follows: the conversion rate of the Michael adducts: 89.8%:;
the selectivity thereof: 61.3%; the recovery rate thereof:
55.0%.

Under the assumption that only the organic layer obtained
alter the reaction would be recovered, the selectivity of the
organic layer and the recovery rate of the organic layer were
calculated to be 55.6% and 49.9%, respectively.

In this case, a flow discharged from the bottom of the
reactor was a single phase tlow without any precipitation of a

solid pT'SA and the water content was found to be maintained
at 4 wt %.

Example 3

The reaction was carried out at a temperature of 130° C.
under a pressure of 1,013 mmbar for 3 hours with feeding
water 1nto the reactor at a circulation rate 01 0.35 g/min. As a
result of the reaction, 24% of 300 g of the mput feed was
recovered in the organic phase, the BPB composition of
which was found to be 0.3%. The conversion rate, the selec-
tivity, and the recovery rate as defined were calculated as
follows: the conversion rate of the Michael adducts: 70.2%:
the selectivity thereotf: 58.0%; and the recovery rate thereof:
40.8%.

Under the assumption that only the organic layer obtained
alter the reaction would be recovered, the selectivity of the
organic layer and the recovery rate of the organic layer were
calculated to be 30.9% and 21.7%, respectively.

In this case, a flow discharged from the bottom of the
reactor was a single phase tlow without any precipitation of a

solid pT'SA and the water content was found to be maintained
at 4 wt %.

Example 4

The reaction was carried out at a temperature of 150° C.
under a pressure of 1,013 mmbar for 4 hours with feeding
water 1nto the reactor at a circulation rate of 0.35 g/min. As a
result of the reaction, 44% of 300 g of the mput feed was
recovered 1n the organic phase, the BPB composition of
which was found to be 0.1%. The conversion rate, the selec-
tivity, and the recovery rate as defined were calculated as
follows: the conversion rate of the Michael adducts: 84.8%:
the selectivity thereot: 73.3%; and the recovery rate thereof:
62.2%.

Under the assumption that only the organic layer obtained
alter the reaction would be recovered, the selectivity of the
organic layer and the recovery rate of the organic layer were
calculated to be 56.1% and 47.6%, respectively.
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In this case, a tlow discharged from the bottom of the
reactor was a single phase tlow without any precipitation of a

solid pTSA and the water content was found to be maintained
at 3.5 wt %.

Example 5

The reaction was carried out at a temperature of 120° C.
under a pressure ol 400 mmbar for 10 hours with feeding
water 1nto the reactor at a circulation rate of 0.35 g/min. As a
result of the reaction, 54% of 300 g of the mput feed was
recovered 1n the organic phase, the BPB composition of
which was found to be 1%. The conversion rate, the selectiv-
ity, and the recovery rate as defined were calculated as fol-
lows: the conversion rate of the Michael adducts: 94.0%; the
selectivity thereof: 68.4%; and the recovery rate thereof:
64.3%.

Under the assumption that only the organic layer obtained
after the reaction would be recovered, the selectivity of the
organic layer and the recovery rate of the organic layer were
calculated to be 63.0% and 59.3%, respectively.

In this case, a flow discharged from the bottom of the
reactor was a single phase tlow without any precipitation of a
solid pTSA and the water content was found to be maintained
at 5 wt %.

Example 6

The reaction was carried out at a temperature of 100° C.
under a pressure of 200 mmbar for 3 hours with feeding water
into the reactor at a circulation rate of 1.5 g/min. As aresult of
the reaction, 30% o1 300 g of the input feed was recovered in
the organic phase, the BPB composition of which was found
to be 6.7%. The conversion rate, the selectivity, and the recov-
ery rate as defined were calculated as follows: the conversion
rate of the Michael adducts: 62%; the selectivity thereof:
64%:; and the recovery rate thereot: 39.7%.

Under the assumption that only the organic layer obtained
alter the reaction would be recovered, the selectivity of the
organic layer and the recovery rate of the organic layer were
calculated to be 40.5% and 25.1%, respectively.

In this case, a tlow discharged from the bottom of the
reactor was a single phase tlow without any precipitation of a
solid pTSA and the water content was found to be maintained
at 5 wt %.

Comparative Example 1

Decomposition Reaction without Addition of Water
(150° C., Normal Pressure)

Except that no water was added, the decomposition reac-
tion was carried out 1n the same apparatus as that of Examples
1 to 5. As a result of the reaction performed at a temperature
of 150° C. under a pressure o1 1,013 mmbar for 5 hours, 3.5%
of the input feed was recovered 1n the organic phase, and thus
the recovery of an organic layer under normal pressure was
found to be difficult. The BPB composition in the organic
layer was 1.3%. The conversion rate, the selectivity, and the
recovery rate as defined were calculated as follows: the con-
version rate of the Michael adducts: 54.7%; the selectivity
thereol: 48.7%:; and the recovery rate thereot: 26.7%.

Comparative Example 2

Decomposition Reaction without Addition of Water
(150° C., a Reduced Pressure)

Except that no water was added, the decomposition reac-
tion was carried out in the same apparatus as that of Examples
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1 to 5. As a result of the reaction performed at a temperature
of 150° C. under a pressure of 50 mmbar for 3 hours, 49.6%

ol the input feed was recovered in the organic phase, the BPB
composition of which was 10%. The conversion rate, the
selectivity, and the recovery rate as defined were calculated as
follows: the conversion rate of the Michael adducts: 47.6%:;
the selectivity thereot: 69.6%; and the recovery rate thereof:
33.1%.

Under the assumption that only the organic layer obtained
alter the reaction would be recovered, the selectivity of the
organic layer and the recovery rate of the organic layer were
calculated to be 65.8% and 31.3%, respectively.

In this process, a flow discharged from the bottom of the
reactor showed a precipitation of a solid pTSA at normal
temperature and brought about difficulties in pumping.

Comparative Example 3

Decomposition Reaction without Addition of Water
(180° C., Normal Pressure)

Except that no water was added, the decomposition reac-
tion was carried out 1n the same apparatus as that of Examples
1 to 5. As a result of the reaction performed at a temperature
of 180° C. under a pressure of 1,013 mmbar for 3 hours,
82.7% of the input feed was recovered 1n the organic phase,
the BPB composition of which was 8%. The conversion rate,
the selectivity, and the recovery rate as defined were calcu-
lated as follows: the conversion rate of the Michael adducts:
90.6%; the selectivity thereof: 91.7%; and the recovery rate
thereot: 83%.

Under the assumption that only the organic layer obtained
after the reaction would be recovered, the selectivity of the
organic layer and the recovery rate of the organic layer were
calculated to be 87.4% and 79.2%, respectively.

The conversion rate of the reaction and the recovery rate
increased due to the high temperature. However, since the
catalyst was precipitated and an excessive amount of tar com-
ponent was formed 1n the bottom of the reactor and on the
surface ol the wall of the reactor, 1t was impossible to drain the
lower flow and thus a continuous operation was practically
impossible.

Comparative Example 4
With the Addition of Water Over 10%

The reaction was carried out at a temperature of 105° C.
under a pressure of 1,013 mmbar for 4 hours with feeding
water 1nto the reactor at a circulation rate 01 0.35 g/min. As a
result of the reaction, 8% of 300 g of the mput feed was
recovered in the organic phase, the BPB composition of
which was found to be 0.1%. The conversion rate, the selec-
tivity, and the recovery rate as defined were calculated as
follows: the conversion rate of the Michael adducts: 12.3%:;
the selectivity thereof: 26%; and the recovery rate thereof:
3.2%.

Under the assumption that only the organic layer obtained
alter the reaction would be recovered, the selectivity of the
organic layer and the recovery rate of the organic layer were
calculated to be 10.2% and 1.3%, respectively.

In this case, a flow discharged from the bottom of the
reactor was 1n a single phase tlow without any precipitation of
a solid pTSA and the water content was found to be main-
tained at 12.4 wt %.

In accordance with the present invention, the present inven-
tors could solve the problem associated with the prior art
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process of recovering the byproducts by continuously adding
a small amount of water to the decomposition reactor and
recirculating 1t. In the present invention, adding a small
amount of water to a recovery reaction of the byproduct that
1s carried out 1in the decomposition reactor causes a hydrolysis
reaction and thereby makes 1t possible to lower the reaction
temperature. In addition, the added water acts as an azeotro-
pic agent forming an azeotrope with the recovered product of
step (b) that are recovered by the decomposition reaction of
step (b) to lower the boiling point thereof. As a result of this,
it becomes easy for the (meth) acrylic acid, the alcohols and
the (meth) acrylic acid esters as produced to be instantly
climinated out of the system and thus a higher conversion rate
can be achieved.

Also, when the water content 1s maintained to exceed 0%
but to be 10% or less, the reactor can be stably operated under
the above condition that 1s neither a high temperature nor a
high pressure.

In addition, an increased solubility of the organic acid
makes 1t possible to drain the wastes generated after the
recovery reaction (1.e., the waste oils) 1n a single phase and
thus 1t 1s possible to resolve the problems associated with
flowing out the waste oils on the application of the process.

In particular, with using an organic acid with a good reac-
tivity such as p TS A 1n the esterification reaction for obtaining,
(meth)acrylic acid esters and using the same catalyst i a
recovery process, the decomposition and the recovery of the
byproduct can be maximized.

Also, since the water continues to be supplied while circu-
lating continuously, only a small amount of water can be
consumed by reaction and supplied additionally.

The invention claimed 1s:

1. A method of recovering a (meth)acrylic acid ester, which
comprises the steps of:

(a) carrying out an esterification reaction between an alco-
hol and (meth)acrylic acid in the presence of a catalystto
obtain a (meth)acrylic acid ester, wherein a byproduct is
generated together with the (meth)acrylic acid ester; and

(b) subjecting the byproduct generated 1n step (a) to a
reaction with a catalyst and water in a reactor, wherein
the water 1s fed into the reactor 1n order that water
content exceeds 0 wt % but 1s 10 wt % or less in the
reactor during the reaction based on the total weight of
reactants comprising the byproduct, the catalyst and the
water, and thereby separating the (meth)acrylic acid, the
alcohol and the (meth)acrylic acid ester contained 1n the
byproduct from the byproduct to obtain the (meth)
acrylic acid, the alcohol and the (meth)acrylic acid ester
as a recovered product.

2. The method of recovering a (meth)acrylic acid ester
according to claim 1, wherein step (a) comprises the steps of:
(al) proceeding with the esterification reaction; and (a2) dis-
tilling products produced after the esterification reaction to
separate them into the (meth) acrvlic acid ester and the
byproduct.

3. The method of recovering a (meth)acrylic acid ester
according to claim 2, wherein the byproduct separated 1n step
(a2) of the distillation 1s supplied into the reactor of step (b).

4. The method of recovering a (meth)acrylic acid ester
according to claim 2, wherein the byproduct separated 1n step
(a2) of the distillation 1s supplied through a recovery column
into the reactor of step (b).

5. The method of recovering a (meth)acrylic acid ester
according to claim 2, wherein the recovered product is recov-
ered 1n vapor state 1n step (b), and the recovered product of
step (b) 1s discharged from the upper side of the reactor and
then supplied to step (a2) of the distillation.
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6. The method of recovering a (meth)acrylic acid ester
according to claim 2, wherein the recovered product 1s recov-
ered 1n vapor state 1n step (b), and the recovered product of
step (b) 1s discharged from the upper side of the reactor and
then supplied through a recovery column to step (a2) of the
distillation.

7. The method of recovering a (meth)acrylic acid ester
according to claim 6, wherein the recovered product 1n vapor
state that 1s discharged from the upper side of the reactor of

step (b) and passes through the recovery column 1s subject to
a liquud state conversion step, wherein the recovered product
in vapor state 1s condensed and undergoes a phase conversion
to the recovered product in liquid state; and a water elimina-
tion step wherein the water contained in the recovered prod-
uct from the liquid state conversion step 1s eliminated; and
then 1t 1s supplied to step (a2) of the distillation.

8. The method of recovering a (meth)acrylic acid ester
according to claim 7, wherein the water eliminated 1n the
water elimination step 1s fed into the reactor of step (b).

9. The method of recovering a (meth)acrylic acid ester
according to claim 7, wherein the liquid state conversion step
proceeds 1n a condenser, and the water elimination step pro-
ceeds 1n a decanter.

10. The method of recovering a (meth)acrylic acid ester
according to claim 9, wherein the water separated in the
decanter where the water elimination step proceeds 1s dis-
charged from the lower side of the decanter and supplied to
the reactor of step (b), and the recovered product obtained
alter water 1s eliminated in the decanter where the water
climination step proceeds 1s discharged from the upper side of
the reactor and supplied to step (a2) of the distillation.

11. The method of recovering a (meth)acrylic acid ester
according to claim 9, wherein a process water line 1s con-
nected to the decanter to supply a process water.

12. The method of recovering a (meth)acrylic acid ester
according to claim 2, wherein the esterification reaction of
step (al ) proceeds 1n an esterification reactor, and the recov-
ered product 1s recovered in vapor state 1n step (b) and the
recovered product of step (b) 1s discharged from the upper
side of the reactor and supplied through a recovery column to
step (al) of the esterification reaction.

13. The method of recovering a (meth)acrylic acid ester
according to claim 12, wherein the recovered product in vapor
state that 1s discharged from the upper side of the reactor of
step (b) and passes through the recovery column 1s subject to
a liquid state conversion step, wherein the recovered product
in vapor state 1s condensed and undergoes a phase conversion
to the recovered product in liquid state; and a water elimina-
tion step wherein the water contained 1n the recovered prod-
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uct from the liquid state conversion step 1s eliminated; and
then 1t 1s supplied to step (al) of the esterification reaction.

14. The method of recovering a (meth)acrylic acid ester
according to claim 13, wherein the water eliminated 1n the
water elimination step 1s fed 1nto the reactor of step (b).

15. The method of recovering a (meth)acrylic acid ester
according to claim 13, wherein the liqud state conversion
step proceeds 1n a condenser, and the water elimination step
proceeds 1n a decanter.

16. The method of recovering a (meth)acrylic acid ester
according to claim 1, wherein wastes generated other than the
recovered product 1n step (b) are discharged from the lower
side of the reactor of step (b).

17. The method of recovering a (meth)acrylic acid ester
according to claim 1, wherein in the reactor of step (b), a
reaction pressure 1s normal pressure or ranges from 1 to 1,013
mmbar and a reaction temperature 1s 80 to 180° C., and a
residence time in the reactor for the reactants of step (b)
comprising the byproduct, the water, and the catalyst 1s 0.5 to
10 hours.

18. The method of recovering a (meth)acrylic acid ester
according to claim 1, wherein waste 1s introduced at a flow
rate of 0.3 to 3 g/min 1n step (b).

19. The method of recovering a (meth)acrylic acid ester
according to claim 1, wherein the catalyst of step (b) com-
prises at least one selected from the group consisting of one or
more 1norganic acid selected from sulfuric acid, phosphoric
acid, and nitric acid; one or more organic acid selected from
methanesulfonic acid and p-toluene sulfonic acid (pTSA);
and one or more solid acid selected from zeolite and a poly-
mer resin catalyst.

20. The method of recovering a (meth)acrylic acid ester
according to claim 1, wherein after step (b), a conversion rate
of the byproducts 1s 60 to 99%, a selectivity of the recovered
product 1s 45 to 85%, and a recovery rate of the recovered
product 1s 35 to 80%, as determined by the following equa-
tions:

Conversion rate=(a total amount of the byproducts as
consumed through reaction/a total amount of a
byproduct as introduced yx100;

Selectivity=(a total amount of (meth)acrylic acid, an
alcohol, and a (meth) acrylic acid ester as pro-
duced/a total amount of the byproduct as con-
sumed through reaction)x100; and

Recovery rate=(a total amount of (meth)acrylic acid,
an alcohol, and a (meth) acrylic acid ester as pro-
duced/a total amount of the byproduct as intro-

duced)x100.
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